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ABSTRACT 
The Effects of Radiofrequency Lesions in the 
Raphe Nuclei on Operant Behavior and 
Motor Activity in the Albino Rat 
The purpose of this research was to demonstrate a relationship 
between the destruction of the raphe nuclei of male albino rats and 
their performance in an operant situation.  The study consisted of 
two separate, but similar experiments with different levels of task 
complexity.  The task responses were measured before and after radio- 
frequency lesioning or after sham lesioning for controls.  In Exper- 
iment 1, there were two groups, the dorsal raphe lesioned rats and 
the controls. The rats were required to pull a rod and then press 
a bar on an FRl schedule before experimental intervention and on an 
FRA schedule after treatment.  The latencies or speeds between the 
rod pulls and bar presses, the number of inappropriate bar presses 
(bar presses without first pulling the rod), the total time neces- 
sary for task performance to reach a specified criterion (the crit- 
erion speed), and the number of correct bar presses (bar pressing 
frequency minus the errors) were measured.  The proportion of 
correct bar presses (correct bar presses divided by total bar pressing 
frequencies) served as a discrimination index. 
In Experiment 2 there were three experimental groups, the dorsal 
raphe, medial raphe, and dorsal plus medial raphe lesioned animals, 
and a control group.  The rats had to bar press according to the 
appropriate schedule and there was no rod pulling.  The total tiae 
to criterion (criterion speed) was measured, and the motor activity 
was also measured after each session in che Skinner box.  Resistance 
to extinction was measured in both experiments. 
No significant differences between the lesion group(s), and the 
control group were detected in pretraining in either experiment, 
indicating that before experimental intervention, there were no diff- 
erences between the groups due to random assignment.  During extinct- 
ion in Experiment 1, there was a significant difference between groups 
in the transformed (square root) bar pressing frequencies.  This 
difference indicated that the experimental animals were more resistant 
to extinction than the controls.  The number of correct bar presses 
was also significantly higher for the experimental group. 
There were differences among the three experimental groups in 
Experiment 2 in transformed bar pressing frequency during extinction, 
but no difference between the experimental and control groups was 
detected.  From visual inspection of the data, it appeared that the 
medial raphe group was probably most resistant to extinction, followed 
by the dorsal raphe group. 
According to the literature, 5-HT, which is typically reduced 
by raphe lesions, is believed to have an inhibitory function in the 
nervous system.  Due to depleted serotonin the rats inhibitory 
systems should be disrupted producing rats hypersensitive to environ- 
mental stimuli.  The attention hypothesis predicts that as a result 
of a serotonin deficiency rats should be more attentive to all exter- 
nal stimuli and therefore less attentive  to the specific relevant 
stimuli than the control rats. 
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From the discrimination index in Experiment 1 there was no 
support for the attention hypothesis.  However, Experiment 2 demonst- 
rated some evidence for the attention hypothesis.  The experimental 
rats may have been especially attentive to novel stimuli while they 
were in the activity chamber, as indicated by their variable motor 
behavior. 
The motor activity hypothesis, that serotonin deficient rats arc 
generally more active than controls, also follows from the inhibitory 
function of serotonin in the nervous system.  The significant 
differences between groups in the transformed bar pressing frequency 
measures of Experiment 1 tend to support the motor activity hypothesis. 
The same trend existed in Experiment 2.  However, the lack of greater 
motor activity for the experimental animals, as measured in the act- 
ivity chamber, does not lend support to the motor activity hypothesis. 
Serotonin possibly mediates information processing in complex 
tasks, and might be involved in the ability of rats to acquire new 
tasks, retain previous information, and to respond to stimuli appro- 
priately. 
Literature Review and Introduction 
The purpose of this thesis is to replicate a study by Foster 
(1976), substituting radio-frequency lesions for his PCPA treatment 
to observe the behavioral effects of a manipulation that typically 
results in serotonin reduction.  The theoretical rationale for 
this study and other studies which attempt to alter the amount of 
serotonin in the brain can best be explained by a quote from 
Weissman in Serotonin and Behavior, page 248.  "In the relative 
absence of 5-HT, animals and man tend to over-respond to social, 
non-social and possible internal stimuli, and thereby exhibit 
varied manifestations of aberrant behavior." One of the purposes 
of psychology is to study behavior and many behaviors have been 
shown to be related to the serotonin content of the brain.  The 
specifics of this relationship have yet to be determined. 
Structure and Location of Serotonin 
Serotonin is an indole amine which is distinctive because of its 
double hydrocarbon rings.  5-HT (serotonin/5-hydroxytryptamine) 
is synthesized by a series of enzymatic reactions involving the 
conversion of the amino acid tryptophan to 5-HT, a transmitter 
substance. The metabolic pathways available for the synthesis 
and serotonin metabolism are shown in Figure 1.  Tryptophan 
hydroxylase acts on tryptophan to form 5-hydroxytryptophan (5-HTP) 
which is decarboxylated into 5-hydroxytryptamine (5-HT). 
Figure 1 
The Metabolic Pathways Available 
for the Synthesis and Metabolism 
of Serotonin 
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FIGURE 1 
The metabolic pathways available for the 
synthesis and metabolism of serotonin 
Monoamine oxidasc catabolizcs  5-HT and the resulting product is 
oxidized by aldehyde hydrogenase to form the end product,    5- 
hydroxyindole acetic acid (5-HIAA).     5-H1AA is eliminated from 
the body in urine (Cooper,   Bloom,   and Roth,   1974). 
Only one to two percent of manaaalian 5-HT is found in the cen- 
tral nervous system,  the rest being peripherally located and unable 
to cross the blood brain   barrier.    Most of the brain's content of 
serotonin,  ignoring pineal 5-HT,is located in the following cell 
groups of the brainstem:   B7- the dorsal raphe nuclei,   B8 - the 
medial raphe nuclei,  B9- the ventromedial midbrain tegmentum, 
(Fuxe    and Jonsson,  1974),   see Figure 2.    Other serotonin con- 
taining cell bodies outside the raphe nuclei are located in the ventro- 
medial reticular formation of the pons.    Ascending 5-HT pathways 
originate from the caudal raphe nuclei in the mesencephalon.    A 
medial ascending 5-HT-pathway exists which primarily innervates 
the hypothalamus and preoptic area,  and a lateral ascending 5-HT 
pathway from areas B7 and B9 exists which innervatesthe cortical 
areas and the extrapyramidal motor system.    The cerebellum is 
innervated mainly by fibers from B7,   B8 and possibly B5 and B6 
in the pons,   (Refer to Figure 2 for a schematic diagram of the 5-HT 
neuron systems in the brain and their pathways). 
Figure 2 
Schematic Figure of 5-HT Neuron 
Systems in the Rat Brain 
8 
O 
A  a 
3 
z   1 
I 
v 
u 
H 
■ 
IT) 
6 
o 
u 
«•* 
>. 
a 
E 
5 
60 
M 
O 
T 
I 
*   i 
•r 3 
5  ! 
5 
1 
^ 
* 
c 
o 
u 
3 
Cl 
a 
H 
X i 
m 
O 
5      *    ~ **      -e     C? 
ffl 
C      OQ 
o 
u 
2 
Cl 
«l 
> 
a 
o 
u 
3 
« 
a 
H 
X ■ 
v 
5 
o 
2 
■a 
o 
IT) 
03 
u 
o 
E 
« 
The proportion of 5-HT in the brain that serve* as A neuro- 
transmitter is another unknown factor.     5-HT is synthesized in 
excess amounts of that needed for normal functioning}so steady 
state levels probably do not accurately reflect the 5-HT neuro- 
transmitter function in the brain (Grahame-Smith,  1974). 
Methods of Reducing 5-HT 
PCPA reduction.    There are several methods commonly used 
to alter the serotonin content of the brain.    Reserpine.  P-chloro- 
phenylalanine (PCPA),  and Chloropromazine have been used to 
chemically deplete 5-HT in the brain.    Figure 3 is a model for the 
possible synaptic sites of drug action of some of the known serotonin 
modifiers.    PCPA.  the moat common serotonin depleting agent can 
be used to decrease brain 5-HT concentrations by inhibiting tryplophan 
hydroxylase.  the rate-limiting biosynthetic enzyme,  which in turn 
inhibits the production of 5-HTP.    As a result of PCPA,   5-HTP syn- 
thesis is blocked and 5-HT production is inhibited. 
There is evidence (Deguchi,  Sinha.ane( Barchas,l973) that after 
administration of PCPA (300mg/kg at 43 to 24 hours before death) the 
raphe nuclei can retain the capacity to hydroxylate tryptophan to some 
degree,   but 5-HT nerve terminals can be completely blocked. (Ddsaukas, 
1971).    In vivo,  the rate of serotonin biosynthesis in PCPA treated 
animals was 3 5% of the rate in control animals. 
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Figure 3 
Schematic Model of Possible Sites of 
Drug Action of Central Serotonergic 
Neurons 
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Figure 3 
Schematic nodel of a central serotonergic 
neuron indicating possible sites of drug action 
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Tryptophan hydroxylasc activity found in vitro, however,  wa» le«« 
than ten percent of the value found in controls. 
The effects of PCPA arc not entirely specific since it produces 
small depletions of brain catecholamincs by inhibiting phenylalanine 
hydroxylasc.    The catecholamincs return to normal a few hours 
after the administration of PCPA (Weissman and Harbert,   1972). 
Lesion reduction.    Another method of reducing 5-HT is by the 
use of radio-frequency lesions.    In this procedure electrical energy 
is converted into heat in the tissue.    The resulting lesion typically 
consists of two zones which are grossly distinguishable and can be 
described as coagulated tissue and liquefied tissue (existing in 
the periphery). 
The parameters of the lesion size have been described for 
primates by Alberts,  Wright,   Feinstein,  and Von Bonin (1966). 
Their electrodes were between 1mm exposed tip to 5mm exposed 
tip,   (temperature being 60 degrees C).    It has been demonstrated 
in rats that after thirty seconds the increased duration of time 
does not correspond to an increase in lesion size (Pecson,  Roth, 
and Mark,  1969).    The tissue closest to the electrode is destroyed 
first and then the lesion increases in size until the perimeter 
reaches the critical temperature.    The maximum size of the lesion 
is obtained when the dissipated and generated heat reach equilibrium. 
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The reliable time limit proposed for this thesis is one minute, 
since there is little or no increase after thirty seconds, 
thus one minute should be an adequate time limit to allow 
the tissue to reach equilibrium. 
Pecson et al. (1969) also came to the conclusion that 
nervous ylssue is irreversibly damaged at a temperature range 
of 45* to 49" C.  Tissue varies in resistance in different brains, 
in different areas of the same brain, and with different 
electrode sizes, thus voltage is not a reliable measure to 
control lesion size. Temperature monitoring is more precise because 
it reflects the effect of the current on the tissue irrespective 
of tissue variations, and has been found to produce the smallest 
variability of all methods used so far (Szekely, Egyed, Jacoby, 
Moffet, and Spieget, 1965). 
The Consequences of Lesioning the Raphe Nuclei 
There have been numerous studies which demonstrate that 
lesions in the raphe nuclei deplete brain serotonin.  Lesions 
were produced iri^-either the dorsal or the medial .raphe nucleus 
by Lorens and Guldberg (1974) and regional 5-HT, 5-hydroxyindole 
acetic acid (5-HIAA) and norepinephrine (NE) were determined 
twenty-six to thirty days post operatively.  Lesions in the 
dorsal raphe (B7) nucleus produced a 54Z fall of striatal 5-HT, 
and also reduced the tryptophan hydroxylase activity in the thalamus, 
cortex, and hypothalamus. 
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Lesions in the median raphe nucleus (B8) reduced 62Z of hippo- 
campal 5-HT, and also reduced septal, cortical, and hypothai- 
ami c tryptophan hydroxylase activity.  Data from Wans and Agha- 
janian (1977) show that the Dorsal Raphe (DR) nucleus has an in- 
hibitory tonic influence on neurons in the amygdala which is me- 
diated by a direct serotonergic pathway.  The reductions of the 
5-HT and 5-HIAA contents of the telencephalon and diencephalon were 
twice as great after dorsal raphe lesions as compared to medial 
raphe lesions.  It can be inferred that a large number of 5-HT 
fibers originate from the dorsal raphe nucleus and also that the 
dorsal raphe nucleus sends a greater number of 5-HT fibers to 
the telencephalic rather than diencephalic structures. Only 
dorsal raphe lesions affect brainstem 5-HT or NE, therefore, it 
appears that dorsal and medial raphe nuclei project 5-HT fibers 
into the forebrain, but not to the spinal cord. 
Reports from Kuhar and Roth (1971) also conclude that a 
highly selective reduction of forebrain tryptophan hydroxylase 
activity results after midbrain lesions in the rat. They concluded 
that eight days of degeneration between the lesioning of the 
brain and the test are needed to get complete reduction of the 
enzyme activity as compared to the ten days reported as neces- 
sary for degeneration by Harvey, Schlosberg, and Yunger (1975). 
Rats still possessed 20% of normal control levels of tryptophan 
hydroxylase activity in their forebrains after the midbrain 
raphe had been totally destroyed. 
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Other Transmitter Substances and Their Relationship to Serotonin 
Many substances are identified as having roles in central 
neural transmission.  The monoamines include acetylchollne  (ACH), 
norepinephrine (NE), dopamlne (DA), and 5-hydroxytryptamine (5-HT). 
The amino acids include hlstamine, glutamine, and gamma-aaino- 
butyric acid (GABA) .  1 will basically talk about the monoamines. 
Dopaminergic and noradrenergic neurons exist in the hypo- 
thalamus, mesencepahlon, and in the pars compacta to the sub- 
stantia nigra.  These neurons give rise to the striatum and meso- 
limbic dopaminergic system.  The striatum is a part of the basal 
ganglia, and serves as an integrative center for the extrapyramidal 
motor system to control skilled voluntary movements by inhibition. 
Sensory motor integration at the level of the striatum is inter- 
fered with by lesions or pharmacological manipulation of the 
dopaminergic content. 
Lesions produced by 6-hydroxydopamine have a selective 
effect on reducing DA and NE and result in various behavioral 
changes.  A lack of response to sensory stimuli on the side of 
the body ipsilateral to the lesion has been reported and is 
believed to be due to a deficiency in either the ability to 
recognize the stimulus or the ability to integrate the sensory 
and motor functions which are needed to make an appropriate re- 
sponse.  Dopamine lesioned animals also lack normal exploratory 
behavior, exhibit interrupted self-stimulatory behavior, and 
become adipsic and aphagic.  From DA injections the animal's 
16 
assume an asymmetric posture due to too much activity of DA 
fibers on one side, and they also become hyperactive (Ungcrstcdt, 
1973).  Dopamine, norepinephrine, and acetylcholinc have been 
found not to be involved in pain sensitivity (Harvey, Schlosberg, 
and Yunger, 1975). 
Cholinergic agonists and antagonists have been demonstrated 
to alter the functional state of the brain and to disrupt the 
balance of sleep-wakefulness (Pradham, 1971).  The ergotrophic 
and trophotropic subcortical divisions of the brain utilize nor- 
epinephrine and 5-HT respectively as neurotransmitter substances. 
Slow wave sleep and waking , body temperature, sexual behavior 
and other behaviors utilize serotonin and catecholamines anta- 
gonistically.  Mutual control of catecholamines (CA) and 5-HT 
has been found in the motor activity of rats (Samanin and 
Garattini, 1975).  And some data suggests a reciprocal relation- 
ship in the influence of striatal dopamine and hippocampal 5-HT on 
spontaneous locomotor activity  (Geyer et al., 1976). 
Pepeu, Garau, and Mulas (1974) found that midbrain raphe 
lesions produce a 22% decrease in acetylcholine (Ach).  As a 
result of the same experimental manipulation, an Ach reduction 
was also found by Harvey, Schlosberg, and Yunger (1974).  5-HTP 
after PCPA depletion increases Ach.  There is evidence that 
noradrenaline serves as a neurotransmitter in the raphe nuclei. 
This evidence indicates that serotonin synthesis is partly 
regulated by catecholamines, 6ince 5-HT metabolism changes after 
catecholamine depletion (Samanin and Garattini, 1975).  The 
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performance of operant behavior per so has also been shown to 
modify brain catecholamine metabolism and thus affect subsequent 
drug effects (Seiden, McPhail, and Oglesby, 1975). 
Concerning learning ability, Knoll and Knoll (1975) con- 
cluded that the catecholamlnes and serotonergic system antagonis- 
tically modulate the learning ability of rats.  According to 
Schoenfeld and Uretsky (1972), CA neurons play a role in the 
performance of operant behavior.  Rates of response decrease fol- 
lowing the administration of drugs which decrease dopamine and 
norepinephrine.  6-hydroxydopamine (6-HDA) produces a super- 
sensitivity to catecholamines in the central nervous system. 
CA systems were found by Shute to be relevant to reward and 
punishment centers in the brain and they sustain self-stimulation. 
Seiden, McPhail, and Oglesby (1975) found catecholamines to be 
involved in the maintenance of spontaneous motor activity as 
well as positive reinforcement and aversively controlled operant 
performances.  It is believed that acetylcholine plays an 
excitatory role during avoidance behaviors (Aprison, Hingtgen, 
and McBride, 1975).  In regard to medial and lateral geniculate 
bodies,the evidence suggests that cholinergic input to the inter- 
neurons is inhibitory. 
Shute (1975), and Dismukes and Rake (1972) found that an 
optimum level of cholinergic activity must exist for normal 
memory storage and recall. Reserpine was administered to deplete 
the biogenic amines (Norepinephrine, epinephrine and/or 5-HT) 
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and was found by Dismukes and Rake (1972) to impair the consolida- 
tion of memory in mice of an avoidance task.  Lowering 5-HT with 
PCPA is believed to have less of an effect on memory than depleting 
catecholamines. 
Behavioral Effects of Serotonin Depletion 
Through the use of para-chlorophenylalanine (PCPA) and raphe 
lesions which have been shown to result in 5-HT depletion of 
the forebrain, the view that 5-HT is involved in behavior has  been 
supported.  Serotonin has been suggested as having an inhibitory 
behavioral function, which is antagonistic to the function of 
acetylcholine (Knoll and Knoll, 1975).  Rats with 5-HT depletion 
have been shown to exhibit hyper-responsiveness to exteroceptive 
stimuli, especially novel stimuli.  The rats over-react to 
painful, electrical, auditory, visual, gustatory, olfactory, and 
social stimuli (Weissman, 1973).  Sleeplessness has also been 
observed by the same researcher.  These hypersensitive responses 
have been reported to facilitate avoidance, escape, or approach 
behavior; disrupt habituation; and heighten motor activity as 
well as numerous other responses.  However, it is believed that 
serotonin does not act on specific categories of behaviors, but 
acts as an inhibitory transmitter to reduce the general state 
of arousal, thus affecting the behavioral responses (Harvey, 
Schlosberg, and Yunger, 1975).  Grahame-Smith (1971) reported 
that the amount of 5-HT is not responsible for the behavioral 
effects observed.  He proposed that the behavioral responses are 
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due to the rate of accumulation of 5-HT. 
Locomotor Activity.  Locomotor activity has been used as an 
index of excitability and responsiveness of animals to the various 
treatments that have been administered.  Various methods have been 
used to study the behavioral effects of serotonin manipulation, 
including the use of PCPA, 5-HTP and raphe lesions.  The conclusions 
of these studies are not completely consistent concerning locomotor 
activity possibly due to differences in the behavioral responses 
measured and different drug doses given to the animals. 
Through the use of PCPA, rats have been found to exhibit increased 
activity to prolonged exposure in an activity chamber, demonstrating 
a failure to habituate to the environment (Weissman and Herbert, 1972). 
Brody (1970) found the PCPA treated rats more active than controls 
only under conditions of novel external stimulation, and found them 
less active without novel stimulation.  Hutchins and Rogers (1973) 
found the activity of mice elevated after PCPA treatment. A conclusion 
which can be drawn is that PCPA disinhibits the animalB inhibition 
of motor responses thus increasing their reactivity to external 
stimuli.  Ellison, and Bresler (1974) found the environment important 
in PCPA's (lOOmg/kg) effects on locomotion.  Locomotion was decreased 
in a novel environment unless the stimuli elicited aggression.  PCPA 
was found to decrease motor activity in rats during the acquisition 
of a conditioned avoidance response to shock (Tenen, 1967). 
Medial Raphe lesioned rats were hyperactive when placed in a 
novel environment, during the dark part of the light dark-cycle 
(Geyer, Puerto, Menkes, Segal and Mandell, 1976). 
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Studies using 5-HTP which increases serotonin report conflicting 
results depending on whether a high or low dose of 5-HTP is adminis- 
tered.  Doses between 100 and 800 tog/kg of peripheral 5-HTP caused 
a decrease in the motor activity of mice.  If the animals are pre- 
treated with MKA86 (L-2-hydrazino-2methyl-B3, 4 dihydroxyphenyl pro- 
pionlc acid- an inhibitor of peripheral amino acid decarboxylase), 
motor activity is increased (Modigh, 1972).  Modlgh also found cen- 
trally administered 5-HTP to increase motor activity.  Segraves, 
Elliott, and Barchas (1976) found  that a low dose of 5-HTP causes 
a decrease in spontaneous motor activity, and excitation; and increased 
motor activity followed high doses of 5-HTP in rats. 
Stimulation of the medial raphe in rats results in reduction 
of 5-HT in the forebrain (Kostowski, Giacalone, Garattini, and Valzelli, 
1969).  A low frequency current lasting fifteen seconds to one minute 
(one third of a cycle per second) produces decreased motor activity 
and a decreased orientation response Immediately after stimulation. 
Stimulation of 20 to 60 c/sec produced alert and excited behavior 
and 10 c/sec produced no resulting difference in motor activity. 
Pain Sensitivity.  Several behavioral studies have indicated 
that serotonin normally acts to inhibit an animals reaction to pain- 
ful stimuli (Harvey, Schlosberg, and Yunger, 1974).  Through the use 
of PCPA to reduce serotonin, Increased sensitivity to pain was rep- 
orted in rats using the flinch-jump method, stabilimetric and hot 
plate methods (Harvey, Schlosberg, and Yunger, 1975).  These researchers 
concluded that the day-night fluctuations of brain serotonin content 
are associated with the circadian differences in pain sensitivity. 
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Harvey and Lints (1971) using medial forebrain bundle lesions 
(77Z decrease of telencephalin serotonin content) and PCPA shoved 
that these two methods had similar effects.  Rats decreased their 
jump thresholds to electric shock stimulation, indicating increased 
pain sensitivity. 
In PCPA treated rats Stevens, Resnick, and Krus (1967) found a 
facilitation in discrimination learning tasks perhaps due to the 
rats increased sensitivity to pain or to reduced emotionality. 
Conner, Stolk, and Levine (1973) also found the increased sensitivity 
to pain but found no effect of PCPA on shock induced fighting behavior. 
Tenen (1967) produced faster acquisition of active conditioned 
avoidance responses to low intensity current by administering PCPA 
(100 mg/kg) and possibly increasing the rat's sensitivity to pain. 
There is some evidence for strain differences in rats in their sen- 
sitivity to pain. 
Sexual Activity and Aggressiveness.  Maas, Redmond, and Gauen 
(1973), studied effects of lowered brain serotonin (PCPA- 150 mg/kg) 
on the social and sexual behavior of a primate species (Macacu speciosal 
There was no significant change in social behaviors.  There were 
decreases in the frequency of mounting, intromission, and ejaculation. 
Zitrin (1973) also found brain serotonin to be related to male sexual 
behavior. 
Weissman and Harbert (1972), Shute (1975), and Koe and Weissaan 
(1966) all found that the 5-HT system functions to depress arousal 
and aggressive behavior in the rat and that administering PCPA incre- 
ases sexual activity and aggressiveness. 
Sheard (1969) found increases in the behavioral responses of 
of  rats that were correlated with certain levels of 5-HT depletion 
(PCPA- 320mg/kg).  Sheard found sexual activity increased at moderate 
levels of depletion (15-17 hours after injection), aggressive behavior 
increased at higher levels (17-24 hours) and abnormal resting behavior 
at the highest level of PCPA used.  He concluded that the serotonergic 
pathways exert an important inhibitory Influence over sexual and 
aggressive behavior, a possible site of the serotonergic influence 
being the amygdaloid complex. 
Sleep.  Excess serotonin obtained by 5-HTP increases both para- 
doxical sleep and slow wave sleep, probably because of the 
relationship of paradoxical to slow wave sleep (Jouvet,1973).  There 
must be a critical amount of slow wave sleep for paradoxical sleep 
to appear. The literature reported by Jouvet supports the hypothesis 
that there are two ascending neurotransmitter systems which operate 
antagonistically for the regulation of the sleep-wake cycle.  5-HT 
neurons are necessary for inducing sleep and increasing paradoxical 
sleep and cholinerglc (CA) neurons for waking and paradoxical sleep. 
Laborit (1972), reported permanent wakefulness from the destruction 
of the raphe system. A decrease in 5-HT synthesis, release, and 
metabolism but no change in 5-HT levels, produces total wakefulness 
for several days in the cat (Jouvet, 1969).  In monkeys PCPA produces 
decreases in NREM (slow wave, quiet sleep) but no changes in REH 
sleep (Weitzman, Rapport, McGregor, and Jacoby, 1968).  Slow wave 
sleep decreases in monkeys but total insomnia does not result.  PCPA 
also inhibits hibernation in squirrels (Weissman and Harbert, 1972). 
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Food Intake and Drinking.  Food consumption was significantly 
reduced by PCPA but food motivation, measured by running times 
in a straight runway, was not affected (McFarlaln and Bloom, 1972). 
Lesions in the medial and dorsal raphe were found to produce 
transient increases in HJO  intake (Lorens, Sorensen, and Yunger, 
1971).  Brody (1970) found that PCPA does not reduce ad lib drinking 
but does depress quinine intake. The effects of serotonin on food 
intake and drinking are important because of their use as reinforcers 
in the behavioral situations being studied. 
Avoidance and Escape Behavior. Lesions in the medial and dorsal 
raphe produce faster acquisition of a conditioned avoidance response 
in a shuttle box suggesting that the raphe system is important in 
mediating behavior controlled by negative reinforcement, (Lorens, 
Sorensen, and Yunger, 1971). This can be explained by the previously 
mentioned greater sensitivity to pain resulting from 5-HT reduction. 
PCPA administered by Boston (1971) was found to produce poor condit- 
ioned avoidance responses. This could be due to the large amount 
of PCPA (0.1Z PCPA for 6 days) administered. When Boston pretreated 
the animals with amphetamines, and measured conditioned avoidance 
response (CAR)  learning and performance he found that CAR was im- 
proved. He concluded that the poor performances of conditioned 
avoidance responses were due to the chronic arousal caused by the 
serotonin depletion and not to a serotonin depletion per se. 
Tenen (1967) and Brody (1970) found 5-HT depletion to facilitate 
active and passive avoidance. Tenen used PCPA (lOOng/kg of 10 mg/al 
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solution) and a low intensity current. He explained the facilitated 
active avoidance responses due to PCPA by the animals increased sen- 
sitivity to pain. 
Acquisition, Extinction, and Other Behavioral Responses Indica- 
ting Learning and Memory. Aprison, Hingtgen and McBride (1975) found 
approach behavior inhibition due to the increase (5-HTP injected) 
and decrease (2-methyl-meta-tryrosine (2MMT) induced) of 5-HT in the 
brain.  They explained these conflicting results by proposing that 
the 5-HT that was available for release was increased in both cases. 
Geyer, Puerto, Menkes, Segal and Mandell (1976) found that 5-HT 
reduction (by PCPA) increases the magnitude and attenuates the habit- 
uation of a startle response in rats, and that B7 or B9 lesions did 
not affect any measure of the startle behavior.  However, B8 lesions 
appear to increase sensitivity without affecting habituation. 
Stevens, Resnick, and Krus (1967) found that a 5-HT increase 
produced deficits in the learning scores of mice compared to control 
mice , independent of changes in CA.  They found PCPA to improve the 
learning scores in a brightness discrimination task, but not to improve 
the scores in a position discrimination and discrimination reversal 
task.  These results indicate that serotonin depletion may affect 
only the behaviors of specific tasks, thus being task dependent. 
Woolley and Van der Hoeven (1963) found that the ability of adult 
mice to learn position habits varied inversely with the amount of 
brain serotonin.  The same researchers in 1965 found deficits in 
learning ability of mice in a maze as a result of serotonin defic- 
iency due to phenylketonuria.  Administering reserpine or chlorproma- 
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zinc (serotonin depletors ) also produced deficits In learning ability. 
Woolley and Van der Hoeven's results in 1965 were Inconsistent with 
their results in 1963.  These researchers proposed that the age of 
the rats could be responsible for the inconsistencies of these exper- 
imental results (very young rats are studied in phenylketonuria 
studies, because this disorder occurs during early developmental stages). 
Knoll & Knoll (1975) found that medial raphe nuclei and dorsal 
raphe nuclei lesions (A5.6Z decrease of 5-HT) and p-bromo-methamphe- 
tamine (V-III) (which resulted in a 50Z decrease of 5-HT) both impro- 
ved learning and retention performance in rats.  These behavioral 
results suggest that the release of 5-HT in the brain is important 
for the learning ability of rats, and the level of 5-HT is not the 
determining factor.  Their conclusion is that the processing of in- 
formation is impaired when 5-HT outflow is increased and enhanced 
when outflow is decreased. Boggan , Freedman, and Appel (1973) found 
that pretreatment with PCPA-ME (para-chlorophenylalanine methyl ester) 
causes a normally noneffective dose of 5-HTP to disrupt bar pressing 
when 5-HT is depleted.  When pretreating with PCPA, bar pressing 
was disrupted, possibly because PCPA makes 5-HT more available at 
the receptors. 
Rosen and Freedman (1974) administered p-chloroamphetamlne (a 
5-HT depletor) and found the drugged rats inferior during extinction 
in discrimination performance as a result of elevated responding . 
There was no difference in their responses to a continuous reinfor- 
cement schedule (CRF).  They concluded that the drug produces a 
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selective disruption of responding to stimuli which arc non-rewarding . 
Geyer, Puerto, Menkes, Segal, and Handell (1976) found that 5-HT re- 
duction causes animals to persist in their alley preference after 
two unreinforced trials in a Y-maze or T maze. They explained this 
finding as due to the inability of the animals to inhibit their initial 
alley preference.  From these two studies, it might be predicted 
that 5-HT reduction will cause a significant difference in extinction 
between control and lesioned rats, le. the lesloned rats will take 
longer to extinguish. 
Memory has also been shown to be affected by serotonin, and 
other indole amines.  McFarlain and Bloom (1972) failed to show that 
serotonin contributed to memory processes.  But PCPA enhanced the 
performance of adult rats in a six unit water maze, perhaps implying 
memory facilitation.  Essman (1974) found that drugs which prevent 
the increase of brain serotonin that result from electroshock 
also prevent the retrograde amnesia which follows electroshock. 
Rake (1973) reported that normal levels of indoleamines are im- 
portant during the developmental phase of memory for memory to attain 
normal levela.  He  found increased learning ability from the PCPA 
treatment of young rats and attributed this to long term memory. 
An area which contains the largest quantity of serotonin besides 
the hypothalamus is the hippocampus.  The hippocampus has been shown 
to be important in learning and memory (Laborit,1972).  Since 5-HT 
is contained in this area, it could be an important modulator in memory 
processes. 
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Foster (unpublished doctoral thesis, 1976), administered 100 mg/kg 
of PCPA with supplementary dosages of 25 mg/kg each day and examined 
the resulting effects on the acquisition and extinction of an FR4 
bar pressing response. Foster's experiment indicated disrupted ac- 
quisition of a bar pressing response in PCPA treated rats. The drugged 
animals made more errors and their response speeds were slower than 
the control animals in acquisition.  In extinction the PCPA treated 
rats were also less resistant to extinction, emitted fewer errors, 
and had faster reaction speeds. 
The Purpose of the Current Experiment 
Brody (1970) explained that there are two problems in the use 
of PCPA as a serotonin depletor.  One is that we can not be sure if the 
temporary changes in phenylalanine (a precursor of norepinephrine) 
are behaviorally significant. The second is that the behavioral ■ 
changes either can be a result of other effects which are produced 
by the drug PCPA itself, or can be attributed to the 5-HT depletion. 
The purpose of the current experiment was to examine whether another 
manipulation which normally depletes serotonin would cause informa- 
tion processing deficits similar to those observed in Foster's (1977) 
study.  The method used was radio-frequency lesioning. 
The procedure in the current experiment involved acquisition of 
an FR4 bar pressing response by rats, after training on an FR1 sche- 
dule the rats were switched to the FR4 schedule after an actual or 
sham lesion. After collecting the acquisition data the rats were 
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extinguished in order to measure their resistance to extinction. 
If raphe lesions have the same effect as PCPA (the results being due 
to serotonin depletion, and not to the specific method of depletion) 
then the same results are expected in this experiment as in Foster's 
experiment.  The radio-frequency lesions administered should produce 
experimental rats who have longer response latencies, (and more errors 
on the acquisition of the FR4 schedule) than the control rats.  The 
experimental rats should also be less resistant to extinction. 
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Experiment I 
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METHOD EXPERIMENT 1 
Subjects 
Twelve male Sprague-Dawley (albino) rats obtained from Holtzaan 
(Madison, Wisconsin) breeders were used in this study.  These rats 
had served as controls in a previous study which involved exactly 
the same task. They were between 103 and 107 days old at day one 
of training, and weighed between 360-430 grams originally.  After 
day one of deprivation, they weighed between 350-410 grams.  The 
rats were maintained in aggregated housing (two to a cage) conditions 
in the Lehigh Psychology Departments animal colony because single 
housing was shown by Tolarmain et al. (1970) to reduce 5-HT.  A 
controlled light-dark cycle consisting of twelve hours light (8 AM. 
to 8 PM. ) was maintained throughout the experiment.  The temper- 
ature was maintained at 20* 2°C.  Each pair of rats were provided 
with fifteen grams per day of Purina Rat Chow (Ralston Purina Com- 
pany St. Louis, Missouri) unless their weight deviated from 80Z 
of their original body weight.  They were not fed when they under- 
went twelve hours of deprivation. They underwent deprivation at 
the start of the experiment and after their recovery from surgery, a 
period during which they received food ad lib. Water was provided 
ad lib, during the entire experiment. 
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Six rats were assigned randomly to each group after pretraining. 
Apparatus 
The behaviors measured were performed in an operant condit- 
ioning chamber (model 84221, Lafayette Instrument Company: 
Lafayette, Indiana).  The chamber was 23 cm in length, 21.S cm 
in width and 18.6 cm high.  Two of the sides were metal; two, 
plexiglass; the top, plexiglass; and the floor, a metal grid. 
The inside of the chamber contained one response lever, a pellet 
trough, and a incandescent, translucent light source.  There 
was also an omnidirectional lever (rod) used in Experiment 1 
to initiate a response sequence.  This rod, when pulled, resulted 
in the lighting of a white frosted lens 2.5 cm in diameter, 
which was used as a visual stimulus for the bar pressing response. 
A bar was provided for acquisition and extinction responses.  A 
bar press without the rat having first activated the visual stimulus 
was defined as an error response (in Experiment 1).  The variable 
power of the 28 volt pilot lamp that served as the visual stimulus 
was maintained at maximum illumination when used. 
The operant chamber included a 28 volt d.c. electrome- 
chanical pellet dispenser, which released automatically a 45 
milligram Noyes food pellet (Lancaster, New Hampshire) with 
93 percent reliability ( Foster, 1976). 
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Each reinforcement was accompanied by an audible electronic click. 
The entire experimental chamber was housed in a sound atten- 
uating chamber 68 x 42 x 36 cm.  This attenuating chamber was 
illuminated by a 25 watt bulb. 
Timers (Lafayette Instrument Company) were used to record 
latencies and speeds. 
To make the radio-frequency leBions, a radio-frequency lesion 
generator (model number RFG-A, Radionics, Inc., BurliPSton, Massach- 
usetts) was used.  A standard stereotaxic instrument was used 
for surgery (David Kopf Instruments).  A portable aspirator was used 
to renove excess mucous in the event that the animal had trouble 
breathing.  And a dentists drill (Type W2M7, General Radio Company; 
Cambridge, Massachusetts) was used to drill the hole in the skull 
for the electrode placement. 
Procedure 
Pretraining.  During the first stage of the experiment the 
animals were put in the Skinner box for fifteen minutes per day. 
The animals were required to pull a rod which operated a visual 
stimulus (light), and then press a bar according to the appropriate 
schedule (in this case FRl).  These animals did not have to be shaped 
to bar press or to rod pull because they already knew the task from 
a previous experiment.  After nine days, all the rats were bar pressing 
and rod pulling in sequence on an FRl schedule at least seventy-five 
times within the fifteen minute period, the criterion which had 
to be reached before data collection began.  Data was then collected 
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for four days as before.  The number of errors (bar presses without 
first pulling the rod) latency (the time between the rod pull and 
bar presses), and the total time for the animal to reach the prev- 
iously reached criterion of seventy-five reinforcements was 
recorded.  All data were collected during the light phase of the 
light dark cycle, and the animals were fed thirty minutes after 
each days run. 
Surgery.  After completion of pretraining all animals in the 
experimental group were given radio-frequency lesions.  No surgery 
was performed on the control animals.  Due to the difficulty in 
converting the lesion parameters from the data of Alberts, Wright, 
Feinstein, and Von Bonin (1966) to data appropriate for the rats 
in this study, numerous preliminary experiments had to be performed. 
Our electrode size was in the range of the sizes they used; however, 
their subjects were monkeys instead of rats.  The preliminary 
experiments, performed in our laboratory were to determine the 
extent of the damaged tissue for various temperatures and exposure 
times. The electrode was large for rat brain lesions, and to keep 
the area of the lesion confined to the raphe nuclei a low 
temperature was necessary.  A temperature of 50* C was chosen to 
produce the desired lesions because it was the lowest possible 
temperature that could be used in producing an irreversible lesion. 
The coordinates for electrode placement are as follows for the dorsal 
raphe lesions: 
6.0 nun posterior to bregma 
0.0    lateral 
5.1 mm from the top of the brain 
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The following  surgical procedure was used in all cases.  The 
rats were first pretreated with atropine sulfate (lec, Eli Lilly 
and Co.) to help control excess mucous secretions and then were 
given Diabutal (42 mg. per kg of body weight).  Following 
the injection of Diabutal, the dorsal surface of the head was 
shaved.  The rats were then mounted in a stereotaxic holder and 
a midline incision of approximately two cm long was made.  The skin 
lateral to the incision was retracted and the periosteum was scraped 
away.  A dentists drill was used to remove the bone directly 
above the area for the placement of the electrode.  In order to 
achieve maximum precision in electrode positioning, a correction 
factor procedure was employed to correct for differences in brain 
size. The distance between lambda and bregma of the experimental 
rat was measured.  The resulting number was divided by 7.65 which 
is the distance between lambda and bregma of the rat providing 
coordinates in Neuroscience: A Laboratory Manual (Skinner, 1971). 
The result of the above division was then multiplied by each of the 
coordinates which were calculated using the Skinner manual. 
The thermistor electrode used in this study has a 1.2 mm exposed 
tip, and is 30 x 10 ~2 mm in diameter.  The electrode was lowered 
to the correct depth and the temperature was adjusted to SO degrees 
C and held stable for one minute. This particular electrode sire 
produces a lesion of approximately (1.2 mm vertical, 1.2 mm diameter) 
1.13 mm2.  Because of the spherical properties of the lesion the 
electrode had to be lowered .6mm deeper than the center of the area 
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to be lesioned so that the middle of the uninsulated tip was In the 
middle of the area.  After removal of the electrode the opening 
of the skull was filled with gelfoam and the wound was sutured to- 
gether.  All animals were then injected with penicillin Clcc intra- 
muscularly) to prevent infection and they were allowed a ten day 
recovery period.  They received food and water ad lib during this 
period.  One day prior to acquisition, the animals were placed on 
twenty-four hour deprivation schedules and their weights maintained 
as previously described.  Control animals were not anesthetlred or 
sham operated, but were otherwise treated the same as the experimental 
rats.  Histology was not performed at the end of the experiment 
to determine the neural damage. 
FR4 acquisition.  Acquisition consisted of shifting the 
animals to an FR4 schedule (after surgery), on which each animal 
was tested for five days.  Each FR4 acquisition session was stopped 
when the animal reached a criterion of seventy-five reinforcements. 
The same measures as in pretraining were recorded. 
Extinction.  After acquisition the animals were put in extinction. 
Extinction consisted of placing the animal in the same conditions 
as previously described under Fft4 acquisition except that no food 
was placed in the feeder.  Animals were allowed to bar press 
fifteen minutes and extinction was continued for five days.  The 
number of non-reinforced bar press responses, errors, correct bar 
presses, proportion of correct bar presses (total bar pressing 
frequency minus errors divided by the total bar pressing frequency) 
and latencies were recorded. 
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RESULTS EXPERIMENT 1 
In Experiment 1 a split plot factorial analysis of variance 
was employed to detect differences between the experimental and 
control groups, differences over days, and interaction effects 
between groups and days.  Due to the death of two animals during 
the operation an unweighted means analysis was employed (Kirk, 
1968, 278-280).  Transformations were performed on all the data, 
except for two measures in extinction ( the proportion and number 
of correct bar presses), because a range test (Kirk, 1968, 66-67) 
indicated that they would make the data variance more homogeneous. 
The criterion used to find the appropriate transformation was 
the lowest range ratio calculated on the data from tests using 
square root, reciprocal, and logarithm transformations, and raw 
data scores.  The F values, degrees of freedom, and probability 
levels for each analyzed variable in Experiment 1 are listed in 
Table 1. 
In pretraining the following measures were analyzed; the 
response speed between the rod pull and subsequent bar press, the 
transformed errors (log of the number of inappropriate bar presses), 
and the criterion speed (reciprocal of the total time to complete 
the trial). The only measure yielding a significant difference 
in pretraining was criterion speed, which decreased significantly 
over days, as expected (F (3, 24) - 11.539, p.^.OOl).  The non- 
significant differences between groups found in pretraining for 
response speeds, transformed errors (log) and criterion speeds 
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Table 1 
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indicate that the random subject assignment did not result in large 
chance differences between groups prior to the experimental interven- 
tion. 
In acquisition FR4 the transformed response latencies (log of 
(latency in seconds +1)) between the rod pull and subsequent com- 
pletion of four bar presses were measured.  The transformed errors 
(square roots of the (errors +1 )), and the criterion speed to 
complete each trial were measured.  There were no main effects be- 
tween groups in any of the measures in FR4 acquisition. 
The response latency (F (4, 32)-4.42, p^C .01) for both groups 
decreased significantly over training days.  The transformed error 
scores were not significantly different over training days.  Criterion 
speed (F ( 4, 32) + 11.44, p<.001 ) for both the dorsal raphe group 
and the control group also decreased significantly over training days. 
The interactions between treatment groups and days for trans- 
formed errors (square roots of (errors +1) were non-significant. 
Figure 4 represents criterion speed means during the five days of 
acquisition of the FR4 schedule. There was a significant interaction 
for criterion speed (F (4,32) - 13.33, p<.001) between training days 
and groups.  This interaction seems to be due to the initial differ- 
ence between groups, the experimental group apparently having to 
relearn the task since they began well below baseline speeds. A 
score of ten is the baseline speed with which the control group 
started. The experimental rats initially were much slower but after 
two days they reached the baseline that the control group obtained 
on day 1. 
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Figure 4 
Mean Criterion Speed 
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Both groups were,  after day 3,  very similar in their performances. 
In extinction response latencies,  transformed errors (log 
of the (errors +1)); and transformed bar pressing frequency (square 
root of the (frequencies +l))for a period of ten minutes were mea- 
sured.    Two additional measures which will be refered to as the 
proportion of correct bar presses,  and number of correct bar 
presses were analyzed and interpreted. 
Figure 5 represents the mean response latencies during the 
five days of extinction.    There were significant differences between 
the lesioned rats and the controls (F (1,8) = 10.75,   p<.05).    The 
response latencies for the control rats   were longer than for the 
experimental rats, the mean for the control group being 2.0084 
as compared to 1.7416 for the experimental group.    Thus,  the 
control group took longer to bar press after a rod pull in extinction. 
By day five it appears from the figure that the two groups are 
approaching the same speed for the task. 
Figure 6 shows the transformed error data for the five days 
of extinction.    There was no significant difference between the 
groups. 
Figure 7 shows the mean transformed bar pressing fre- 
quencies for extinction. 
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Figure 5 
Transformed Response Latency 
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Figure 6 
Transformed Error Means 
47 
v> 
z 
< 
UJ 
S 
<r 
o 
a. 
cr 
UJ 
o 
UJ 
Z 
GC 
o 
u. 
</> 
z 
16- 
15- 
14. 
13 
12- 
1 1 
10  ■ 
9- 
8- 
7- 
Control Croup 
Dorsal Les. Croup 
12 3^5 
DAYS 
Figure •->.    Transformed error means,   (inappropriate bar presses not preceeded 
by a rod pull).    The log x 10 of the raw d»u + 1, taken during extinc- 
tion of Experiment 1. 
48 
Figure 7 
Transformed Bar Press Frequency Means 
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There were significant differences between the two groups (F (1,8) 
- 19.96, p<.01).  The mean for the transformed bar pressing 
frequencies obtained during extinction for the experimental 
group (A.085) was significantly higher than for the control 
group (3.424) indicating that the experimental group was more resis- 
tant to extinction (see Figure 7) thus not supporting Foster's 
(1976) predictions.  The proportion of correct bar presses (not 
measured by Foster) is a discrimination measure which takes 
the number of error into consideration.  This measure consists 
of the total bar press frequency minus the errors divided by the 
total frequency, and no significant results were obtained from this 
measure.  However, the correct bar pressing frequency (the 
total frequency minus the errors), which is a measure of activity 
yielded a significant difference between groups as shown in 
Figure 8 (F (1,8) =25.665, p<.001).  The experimental group 
made more correct bar presses than the control group. 
The mean response latencies between the rod pull and subsequent 
bar presses increased significantly over days in extinction 
(F (4, 32) - 19.38, p<.001) for both groups, indicating that the 
rats were taking longer to bar press for each consecutive day 
as expected during extinction ( see Figure 5). 
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Figure 8 
Correct Bar Press Frequency Means 
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Transformed errors decreased significantly for both groups 
over days (F (A, 32) . 9.8, p< .001). These data show that the 
rats were making fewer errors or inappropriate bar presses 
over days. 
The transformed bar pressing frequencies also decreased signi- 
ficantly over training days.  It appears that the rats decreased 
their number of responses, indicating that they were processing 
the information of receiving no reinforcements.  The proportion 
of correct bar presses did not change significantly over days. 
The number of correct bar presses decreased significantly over days 
(F (4, 32) =• 54.80, p< .001), indicating that the appropriate 
response was being extinguiehed. 
There were no interaction effects between groups and training 
days for any measure taken during extinction. 
The next experiment to be described, Experiment 2, was cond- 
ucted in order to determine whether the resulting behavior of rats 
is different after dorsal raphe lesions as compared to medial raphe 
lesions or lesions in both areas.  Therefore, there are three exper- 
imental groups in Experiment 2.  An additional measure of motor 
activity was recorded in order to determine if the lesions had 
any effect on the rats' motor behavior.  The initial difference in 
locomotor behavior observed in Experiment 1 could have produced 
behavioral differences between the experimental and control 
group independent of differences in 5-HT levels due to experimental 
manipulation.  Furthermore since brain histology was not performed, 
it was not possible to confirm lesion extent or location. 
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Experiment II 
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METHOD EXPERIMENT II 
Apparatus 
The same apparatus was used as in Experiment I with the 
addition of an activity platform (model 86010,  Layfayette 
Instrument Company) to measure motor activity. The activity chamber 
was 30.5 cm to a side and had three metal walls, one plexiglass 
wall, and a plexiglass roof.  The floor was constructed of 
vinyl coated plywood.  The activity platform was attached to a 
transducer sensitive to frequencies of movements in the range 
from 0 to 20 Hz.  The instrument counter was on maximum sensitivity 
at all times. 
Subjects 
Thirty-three naive Holtzman rats were used between the ages of 
40 to 44 days at the start of the experiment.  The other 
conditions of the experiment were similar to Experiment 1 
except for the following.  The rats weighed approximately 
200 grams before the start of the experiment.  They were maintained 
at 802 of their body weight during pretraining, acquisition, and 
extinction.  It was essential that these rats receive food and 
water ad lib during their recovery period (from surgery) 
because they were in their developmental phase and were not fully 
grown at the start of the experiment.  The rats were given four days 
to become accustomed to the housing. 
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Eleven rats were assigned randomly to each of the three groups 
(the dorsal raphe group, medial raphe group and control group) 
after pretraining.  Due to problems in surgery there were four groups 
at the end of surgery, two rats received medial raphe lesions, four 
received medial plus dorsal raphe lesions, eleven received dorsal 
raphe lesions, and eleven served as controls. 
The problems referred to above were discussed previously 
and include the electrode being large for rat brains, and the depth 
coordinate not being precisely calculated.  As a result, instead 
of only lesioning the medial raphe, the dorsal raphe was also 
lesioned in four rats, either due to the electrode tract or to the 
extent of the lesion itself.  From the histology it also appears 
that parts of other areas were damaged in the rat brains. 
Procedure 
The following experiment utilized the same method as in 
Experiment 1, except for the following differences. 
Pretraining.  During the first stage of the experiment the 
animals were shaped; this consisted of putting them in the operant 
chamber for fifteen minutes per day until they reached a criterion 
of fifty bar presses in one session .  The animals were allowed to 
become familiar with the operant chamber to explore and obtain food 
pellets from the feeder.  Half of the rats were run on each day for 
fifteen minutes each. Tne rats were run from rat number 1 to 33 
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and then the order was reversed from number 33 to number 1 so that 
the time of day would be different every other trial in the 
Skinner box, alternating from the middle of the day to the evening. 
The time8 of the trials were between 10:00 AM and 3:00 PM, and 
5:00 PM to 7:00 PM.  After three days all of the rats reached the 
criterion of fifty bar presses in fifteen minutes.  On the fourth 
day there was no time limit; each of the rats were taken out of 
the Skinner box after the twenty-fifth bar press.  The following day 
the animals continued to bar press on an FRl schedule ( the rod 
pulling response was omitted from this experiment to reduce training 
time), but data were being collected during this time and for the 
next four days, with all the rats now being run on each day. 
Surgery.  For the experimental groups, the same general 
procedure was followed as described in Experiment 1.  Histology 
was performed on the perfused rat brains and the brains were sec- 
tioned and stained.  The lesions were studied under a microscope 
and compared to a rat atlas to determine the extent of damage. 
Lesion evaluation resulted in the division of the rats into the 
four groups described above. The control group (eleven rats) 
received a sham operation in which the electrode was lowered 
midway between the dorsal and medial raphe nucleus and then 
removed without using a current to produce a lesion.  The coordi- 
nates for electrode placement are listed in Table 2.  Figure 9 is 
a schematic diagram taken 
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from Fuxe and Jonsson (1974) which shows a brain slice with 
the dorsal raphe indicated.  Figure 10 shows one of the medial raphc 
lesioned brains from this study.  Figure 11 is an example of a 
dorsal raphe lesion.  Figure 12 is a lesion of both the dorsal and 
medial raphe nuclei, and Figure 13 is a control rat (sham 
lesion). 
Acquisition and extinction. Acquisition consisted of shifting 
the animals to an FR4 schedule after the lesioning.  They 
received fifty reinforcements for each of the five days of data 
collection and the time to complete each trial was measured.  Motor 
activity was recorded for one minute for each rat after his daily 
run. 
During extinction (as previously described in Experiment 1) 
the animals were allowed to bar press five minutes, their bar 
pressing frequency being measured.  The animals were continued 
in extinction for seven days. 
Analysis. All data in Experiment 2 were analyzed in the same 
manner as in Experiment 1. 
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Table 2 
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Table 2 .    Coordinates for Lesion 
and Control Electrode Placement 
Reference Points Medial Raphe Dorsal Ra phe Control 
Posterior to Bregma 7. 0 mm 6. 0 mm 6. 5mm 
Lateral to the Midline 0 0 0 
Depth from the Top of 4. 7 mm 5.1 mm 4. 9 mm 
the Brain 
Correction Factor for + . 6 mm + . 6 mm 
Depth 
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Abbreviations for the Diagrams of the Raphe Nuclei 
DR - dorsal raphe nucleus 
FLM - Fasciculus longitudinalis medialis 
lc - N.  linearis,  pars caudalis 
Lv - Left ventrical 
MR - medial raphe nucleus 
nlllpr - N.  n. oculomotorii principalis 
rpo - N.  reticularis pontisoralis 
rtp - N.  reticularis tegmentipontis 
TTS - Tractus tectospinalis 
veil - N.  ventralis caudalis lemnisci lateralis 
V* - N.  ventralis tegmenti 
nIV-  N.n.   trochlearis 
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Figure 9 
Schematic Diagram of a Dorsal Raphe 
Nucleus 
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Figure 9.    Schematic Diagram of a Dorsal Raphe Nucleus, 
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Figure 10 
Diagram of a Medial Raphe Leaion 
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Figure 10.      Diagram of a. Medial Raphe  Lesion. 
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Figure 11 
Diagram of a Dorsal Raphe Lesion 
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Figure  11.    Diagram of a Dorsal Raphe Lesion. 
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Figure 12 
Diagram of a Medial and Dorsal Raphe 
Lesion 
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Figure   12.     Diagram of a  Medial and Dors.il It,iph«*  Lrsum. 
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Figure 13 
Diagram of a Sham Lesion 
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Figure 13.    Diagram of a Sham Lesion. 
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Reciprocal transformations were used on the latency data for 
pretraining and acquisition and yielded criterion speeds.     The 
bar pressing frequency in extinction was transformed by square 
roots.    No transformation was used on the motor activity data. 
There were three groups of analyses;   pretraining, 
acquisition and extinction.    The four groups were compared 
across days,   between groups,  and the interaction of the two was 
tested on the following measures: 
Pretraining FR 1 
1. criterion speed (50 reinforcements per day 
for five days). 
2. motor activity 
Acquisition FR 4 
1. criterion speed (50 reinforcements per day 
for five days). 
2. motor activity 
Extinction 
1. bar pressing frequency (five minutes). 
2. motor activity 
Five rats sustained no raphe lesions and therefore,  were 
eliminated from the data analysis. 
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RESULTS EXPERIMENT II 
The F values,   probability levels and degrees of freedom 
for the measures taken in Experiment II are listed in Table 3. 
The treatment variance was divided into two orthogonal compari- 
sons with one and two degrees of freedom to compare two diff- 
erent combinations of the groups.     The average of the medial 
raphe lesioned rats,  the dorsal raphe lesioned rats,  and the rats 
with lesions in both areas was compared to the control group Oft). 
The three experimental groups were also compared among them- 
selves (^2)5 omitting  the control group. 
In pretraining no significant differences were found for groups 
^either the criterion speed or the motor activity measures. 
Figure 14 shows criterion speed scores in the acquisition 
of the FR 4 bar pressing response.    There were no significant 
differences between groups for criterion speed or motor activity. 
There was the expected increase in criterion speed over days 
which was significant (F   (4,   96) = 16. 967,  p^.OOl). No interaction 
effects between the groups and training days were observed in 
acquisition. 
Figure 15 represents the transformed bar pressing frequency 
during the seven days of extinction. 
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Table 3 
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Figure 14 
Mean Criterion Speed x 10 
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Figure 1 5 
Transformed Bar Press Frequency 
Means 
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There was a significant decrease over days (F (6,   144) » 69. 778, 
p ^.001),  and there was a significant interaction between days and 
groups (F (18,  144) = 1. 902,   p^L. 05).    From observation of the 
graphed data it appears that the medial raphc group contributed 
most to the interaction,   since the transformed bar pressing fre- 
quency increased for this group (day 5) while all other groups 
decreased in transformed bar pressing frequency.    The test among 
the three experimental groups (^),  was significant (F (2,24) = 
3. 883,  p L. 05) but there was no overall difference between the 
experimental groups,   and the control group( T, ). 
The motor activity means for extinction are plotted in 
Figure 16.     There was no detected difference between groups. 
There was a significant difference over days (F (6,  144) = 6.184, 
p ^.001),and a significant interaction between groups and days 
(F (18,   144) = 4. 966,  p4.00D« The motor activity was highly 
variable for the experimental groups from day to day.    One inter- 
pretation of this is that as a consequence of the lesions,  the rats 
became more sensitive to small differences in the environment, 
or to background noise. 
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Figure 16 
Motor Activity Means 
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DISCUSSION 
The original hypothesis that serotonin depleted rata are less 
resistant to extinction, as found in Foster's (1976) study, was 
not supported in these experiments.  The two current experiments 
were designed to look at this question by using radio-frequency 
lesions instead of PCPA.  In Experiment 1 there were significant 
differences between groups in extinction for response latency, 
transformed bar pressing frequency, and the number of correct 
bar presses.  Raphe lesioned rats were more resistant  to extinction, 
contrary to Foster's results.  This difference leaves open the 
possibility that the present results, those of FoBter, or both could 
have been due to effects other than serotonin reduction. 
Another hypothesis that has been studied in various experiments 
which have manipulated serotonin is the attention hypothesis 
(Brody, 1970).  Attention, in this case, is defined as the diff- 
erential reactivity of the animals to external stimuli.  Many studies 
have concluded that serotonin has an inhibitory function in the 
nervous system (Aghajanian, Haigler, Bloom, 1972; Schlosberg and 
Yunger, 1975; Rosen and Freedman, 1974; and Wang and Aghajanian, 
1977). As a result of PCPA or raphe lesions (which are 
supposed to reduce serotonin), the rats'inhibitory systems 
should be disrupted producing rats hypersensitive to novel 
stimuli or changes in the environment. 
84 
According  to the attention hypothesis the serotonin depleted 
rats should be more attentive to all external stimuli, and as a 
result may be less attentive to the specific relevant stimuli 
than the control rats. 
Disruption of attention to relevant stimuli would be expected 
to interfere with the accuracy of an animal's discrimination 
performance.  The proportion of correct bar presses, calculated by 
the total frequency of bar presses minus the errors divided by 
the total frequency, was used as an accuracy measure or dis- 
crimination index of performance in extinction of Experiment 1. 
The light which went on when the rod was pulled had previously 
indicated that a reward was available for bar pressing.  First pulling 
the rod and then pressing the bar four times demonstrated 
retention of the previously learned correct response even though 
no reinforcement was available during this phase of the exper- 
iment.  If the animals were not selectively attending to the light 
(or stimuli produced by the response of rod pulling)  they would 
respond more randomly with respect to the previously relevant 
cues and thus show a decrease in the discrimination index.  The 
groups did not differ significantly on this discrimination index, 
indicating that there was no break down in the experimental ratfe 
discrimination after the lesions.  From this discrimination index 
it seems that there is no support for the attention hypothesis 
that raphe lesioned rats are less attentive to the 
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appropriate  stimuli than the controls.  It would have been inter- 
esting to see Foster's results reanalyzed using this discrimination 
measure, especially given the opposite results found in resistance 
to extinction. 
However, there was some support for the attention hypothesis 
in Experiment 2.  The motor activity data across days taken during 
extinction (Figure 16) demonstrated that all the experimental 
groups were highly variable as compared to the control group.  There 
were periodic loud noises made by students and workmen which were 
recorded by the activity platform suggesting the presence of 
extraneous novel noises to which the experimental animals may 
have been responding.  The experimental rats may be especially 
attentive to novel stimuli (Brody,1970 ) and therefore could have 
been more variable in their activity depending on the variety 
of novel stimuli available in a particular experimental session. 
If these rats were selectively responding to novel stimuli the 
attention hypothesis would receive some support. 
The motor activity hypothesis also follows from the role of 
serotonin in mediating the inhibitory system.  Reduced serotonin 
levels from the raphe lesions should produce rats that are^more 
generally active than controls.  This hypothesis may be tested by 
examining the transformed bar pressing frequencies during extinction 
in Experiment 1. There was a significant difference between groups 
for this measure.  The experimental rats displated a significantly 
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greater frequency of bar presses indicating that they were more 
active than the controls. 
The differences in total bar pressing frequencies for the 
experimental groups versus  the controls were non-significant 
in Experiment 2, but the same trend existed as in  Experiment 1, 
tending to further support the motor activity hypothesis.  The 
means are as follows: medial raphe lesion group 6.491, dorsal 
raphe lesion group 5.465, dorsal raphe plus medial raphe lesion 
group 5.325, and control group 5.144. 
Some evidence against the motor activity hypothesis were 
the overall activity levels of the rats in Experiment 2 measured 
by the activity platform. These activity scores were not signifi- 
cantly higher for the experimental groups as compared to the 
control group. 
The detected differences among the experimental groups in 
resistance to extinction in Experiment 2, and the significant 
differences indicating that the raphe lesioned rats were more 
resistant to extinction than the controls in Experiment 1 
might both be attributed to greater sensitivity to novel 
environments (the attention hypothesis).  This could be explained 
by the loss of normal serotonin inhibitory processes. 
Lesions in the different raphe nuclei are supposed to 
produce different amounts of serotonin reduction.  For example 
more serotonin should be depleted if both the medial raphe and 
the dorsal raphe nucleus are lesioned at the same time rather than 
just one of them. 
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The medial raphe as compared to the dorsal raphe contains different 
ascending and descending pathways and therefore, the lack of 
inhibition produced by serotonin reduction may have more observable 
effects on specific behaviors depending on which area is lcaioncd. 
The amount of serotonin depletion may be correlated with the 
responses of the rats to the novel stimuli and their resulting motor 
activity (bar pressing frequency and activity platform measures). 
Unfortunately, the experiments discussed here do not show the 
expected relationship; rats with both areas lesioned did not 
display the greatest experimental effects.  The problem may arise 
from the lack of precision in producing lesions discussed below, 
or perhaps, there is some process other than serotonin production 
being affected by the lesions in these areas, and nearby areas. 
Interpretation of the results from the two experiments 
is complicated by the fact that the control groups in the two 
experiments were treated differently.  In Experiment 1 they were 
treated the same as the experimental animals excluding anesthetic 
and surgical intervention.  In Experiment 2, they were also treated 
similarly but additional sham lesions were performed.  There was 
no current but an electrode tract was produced.  This surgical 
difference between control groups could have contributed to the 
differences In the results obtained from the two experiments. 
In Experiment 1 there were significant differences between groups 
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in extinction, but in Experiment 2 there were no significant 
differences.  Conceivably the damage from the electrode tract 
or effects connected with the operation itself in Experiment 2 could 
have produced behavior in the control rats similar to that of the 
experimental rats, possibly meaning that no 5-HT depletion effect 
is present. 
The inherent problems of PCPA use were avoided by these 
experiments, although other problems presented themselves.  There 
was a problem in the extent of damage by the lesion, in that it was 
not always consistent from rat to rat.  No precise method was 
determined for locating the dorsal surface of the cerebral cortex. 
Five rats had to be eliminated from the final analysis because their 
lesions were too dorsal in the brain to be in either the dorsal or 
medial raphe nuclei. Many intended medial raphe rats contained 
dorsal raphe lesions.  It also seems that although radio-frequency 
lesions are believed to produce very precise reliable lesions, 
(Szekely, Egyed, Jacoby, Moffet, and Spregit, 1965) the extent of 
damage sometimes overlaps other surrounding areas in the brain. 
These other areas include parts of the fasciculus longitudinalis 
dorsalis, fasciculus longitudinalis medialis, N.n. trochlearis, 
pedunculus cerebellaris superior, fasciculus mamillotegmentalis, 
and tractus tectospinalis. These other areas, that were damaged 
besides the raphe nuclei, are association fibers and tracts which 
connect specific areas of the brain and are primarily concerned 
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with gross motor control (Grossman, 1973). 
Assaying procedures should be  used to determine the specific 
amount of 5-HT depletion, so that the behavioral changes can be 
attributed to the 5-HT.  In this case the hlstological procedures 
used in determining the area of the lesion were not sufficient 
to identify the exact extent of the lesion, and most importantly 
to determine the degree to which serotonin was actually reduced. 
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CONCLUSION 
From the extinction results in both of these experiments 
it appears that raphe lesioned rats have more difficulty in 
making adaptive alterations in their behavior.  In order for 
extinction to occur, the rats should learn that bar pressing 
is no longer associated with food. Thus, bar pressing becomes an 
inappropriate response which should be inhibited.  The raphe 
lesioned rats are apparently less able to inhibit their behavior 
and make the appropriate response in this extinction situation. 
This was suggested by the higher number of correct bar presses 
and total bar pressing frequencies of the experimental rats in 
extinction of Experiment 1 (the same trend was noted in Experiment 
2). 
This difficulty of the raphe lesioned rats to alter their 
behavior adaptively and respond to the non-reinforcement by 
inhibition of previously learned responses indicates some change 
in the rats learning capabilities.  The appearance of learning 
ability problems may be the observable phenomena which are 
attributable to differences in attention. 
Studies cited in the introduction give conflicting evidence 
about whether 5-HT reduction enhances or decreases learning ability 
in the acquisition of position habits (Woolley, and Van der Hoeven, 
1963) and in learning and retention (Knoll and Knoll, 1975). 
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Geyer, Puerto, Menkes, Segal, and Mandell (1976) found that 5-HT 
reduction causes animals to persist after two unrelnforccd trials 
in a maze. The latter statement refers to a measure of extinction 
differences, the 5~HT reduced group being more resistant to extinct- 
ion.  Both acquisition and extinction involve learning, but the 
processes used in learning may be different for the two; in parti- 
cular, extinction may be assumed to have greater reliance on 
inhibitory processes.  Perhaps the effects of the raphe lesions 
reported in this experiment only apply to extinction, and not 
to acquisition, since the significant differences between groups 
were found only in extinction (for response latency, trans- 
formed bar pressing frequency, and number of correct bar presses. 
Experiment 1).  If these behaviors were due to serotonin reduction 
then the well known hypothesis that serotonin serves an inhibitory 
function in the nervous system would be further supported. 
Disruption of the inhibitory system (by serotonin reduction) 
possibly produces differences in the attention of the experimental 
animals as opposed to the controls.  Serotonin reduced rats are 
believed to be more attentive to novel stimuli, and less attentive 
to the relevant stimuli.  This could be an explanation for the 
higher resistance to extinction of the experimental rats found in 
these studies. 
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In Experiment 1,  there was no indication of a break down in 
attention since the discrimination index in extinction showed no 
significant differences between the experimental and control 
groups.    In Experiment 2,  the rats* variable motor activity 
offered support for the attention hypothesis since it appeared 
that lesioned rats may have been  hyparsanaitiva to noval aelaull. 
Another possible explanation for the given results is the 
motor activity level of the animals.    In Experiment I,  the motor 
activity hypothesis was supported by the greater activity (i.e. . 
higher rates of bar pressing) for the experimental group as com- 
pared to the controls.    The same trend existed in bar pressing 
frequency»Experiment 2,   but the motor activity measures from 
the   activity platform were not significantly different between 
groups. 
There are possibly memory storage problems associated with 
serotonin depletion in the rat's brain that might have contributed to 
learning deficiencies.    This was indicated by the latency data 
from acquisition in Experiment I.  where the experimental rats 
appeared to be relearning the FR4 schedule of reinforcement. 
The experimental rats in this experiment also began below the 
controls in total time to perform to criterion in acquisition. 
showing a difficulty in learning the new schedule. 
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There is a great diversity of behavioral categories and tech- 
niques used in 5-HT experiments, which results in important meth- 
odological problems.  Firm conclusions and relationships between 
brain 5-HT and behavior are difficult to make.  From these two 
experiments, the effects of radio-frequency lesions are still 
unclear. The attention and motor activity hypothesis were both 
partially supported. 
The opposite results obtained from this study and Foster's 
study can be attributed to any one of a number of methodological 
differences. These differences include task complexity, drug use 
instead of lesions, and procedural differences dependent on the 
different methods used to deplete serotonin. 
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Analysis of Variance Source Table 
For Experiment 1  - Pretraioing FR 1 
Res ponsc Speed 
Source SS df MS F 
A-Group* .019 1 .019 .638 
Subj.  w/gr, .238 S . 0293 
B-Daya .0666 3 .0222 1.55 
AA-tnterac tlon .0095 3 .0032 .224 
Bxaiibj.  w/ B*-. . 343 24 .0143 
Error Data - Logarithm! 
Source 
A-Group* 
Subj.  w/jr. 
B-Daya 
AB -Interaction 
Bxaubj.  w/gr. 
SS df MS F 
.0193 1 .0193 . 149 
1.05 a . 13 
.293 3 .0977 2.79 
.029 3 .0097 .277 
.84 24 .035 
Criterion Speed 
Source SS 
A.Groupa .0000239 
Subj.  w/gr. .006 
B-Dmys .00578 
AA-Interaction .000764 
df MS F 
1 .000024 .032 
a .00075 
3 .001927 11. 539»>* 
3 .000255 1. 527 
24      .000167 Bxaubj.  w/^r. .004 
* - significance at the .05 criterion level. 
*♦ = significance at the .01 criterion level. 
• *» = significance at the .001 criterion level. 
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Source 
Analysis of Variance Source Table 
For Experiment  1  - Acquisition   FR 4 
Response Latency - Logarithms 
SS df MS 
A-Groups 
Subj.  w/gr. 
B-Days 
AB-Interact ion 
Bxsubj.   w/gr. 
0 
. 1 
.067 
.0095 
. 12 
1 0 
8 .0125 
4 .0168 
4 .0024 
32 .0038 
F. 
0 
4.42>* 
.6316 
Source 
A-Groups 
Subj.  w/~i-. 
B-Days 
AB-Interaction 
Bxsubj.   w/gr. 
Error Data - Square Roots 
SS 
.0476 
107.   57 
31.9396 
14.7560 
98.64 
df MS F 
1 .0476 .00354 
8 1 3.446 
4 7.985 2. 59 
4 3.689 1.1966 
2 3.083 
Criterion Speed 
Source SS 
A-Groups 
Subj.  w/gr. 
B-Days 
AB-Interaction 
Bxsubj.  w/gr. 
.00095 
.006 
.0057 
006664 
df 
8 
MS 
1 .00095 
00075 
00143 
4     .001666 
.004 32     .000125 
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F 
1.267 
11.44*** 
13.33*** 
Source 
Analysis of Variance Source Table 
For Experiment  1 - Extinction 
Response Latency - Log Transformation 
SS df MS 
A-Groups .86 1 .86 10.75* 
Subj.  w/gr. .65 8 .08 
B-Days 6. 19 4 1. 55 19. 38*** 
AB-Interac tion .38 4 . 10 1.25 
Bxsubj.  w/gr. 2.67 32 .08 
Errors - Logarithms 
Source SS df MS F 
A-Groups . 19 1 . 19 .9 
Subj.  w/gr. 1.65 8 .21 
B-Days 3.9 4 .98 9.8*** 
AB-Interac tion .48 4 . 12 1.2 
Bxsubj.  w/ gr. 3.3 32 . 10 
Frequency of Bar Pressing - Square Root Transform- 
ation 
Source 
A-Groups 
Subj.   w/gr. 
B-Days 
AB-Interaction 
Bxsubj.  w/gr. 
SS df MS 
5. 19 1 5. 19 
2.07 8 .26 
125.71 4 31.43 
1.904 4 .476 
16.73 32 .52 
104 
F 
19.96** 
60. 44*** 
.915 
Analysis of Variance Source Table 
For Experiment 1  - Extinction 
Proportion of Correct Bar Presses 
Source SS df MS                   F 
A-Groups .047 1 .047             1.424 
Subj.  w/gr. .269 8 .033 
B-Days .138 4 .034            1.259 
AB-Interaction .047 4 .011                .407 
Bxsubj.  w/gr. .888 32 .027 
Number of Correct Bar Presses 
Source SS df MS F 
A-Groups 4078.642 1 4078.642 25. 665*** 
Subj.  w/gr. 1271.37 8 158.921 
B-Days 164264. 79 4 41066.198 54.80*** 
AB -Interaction 328.511 4 82.128 . 1096 
Bxsubj.  w/g jr. 23978.79 32 749.337 
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Analysis of Variance Source Table 
For Experiment 2-Frctraining FR1 
Criterion Speed 
Source SS 
A-Groups 
1 
SS^ 
5.0655 
1.8755 
ss*2
2 3.1629 
SubJ. w/gr. 32.635 
B-Days 10.1739 
AB-Interaction  3.7777 
BxsubJ. w/gr.  33.632 
df M8 
3 1.6885 
1 1.8755 
2 1.5815 
24 1.360 
4 2.5435 
12 .3148 
96 .350 
F 
1.2415 
1.3790 
1.1628 
7.2671* 
.8994 
Motor Activity 
Source 
A-Groups 
SS 
61255.4228 
df 
3 
MS 
20418.474 
F 
2.5102 
SS 2396.2873 1 2396.2873 .2946 
ss*2 58862.187 2 29431.093 3.6180 
Subj. w/gr. 195218.83 24 8134.118 
B-Days 95838.3483 4 23959.5871 15.653*** 
AB-Interacti oa 9726.5833 12 810.5486 .5295 
BxsubJ. w/gr .  146944 96 1530.667 
SS ^ ■ the three experimental groups versus the control group. 
SSy, - the three experimental groups versus each other. 
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Analysis of Variance Source Table 
For Experiment 2 - Acquisition FR4 
Criterion Speed 
Source SS df 
A-Groups . 5967 3 
ss¥/l .1011 1 
SS„2 .4956 2 
Subj.  w/gr. 6.651 24 
B-Days 8.1224 4 
A B-Interaction .9144 12 
Bxsubj.  w/gr. 11.489 
Motor Activity 
96 
Source SS df 
A-Groups 
SS y/. 
SSVZ 
Subj.  w/gr. 
B-Days 
A B-Interaction 
6491.875 
247.87 
6244.005 
114794. 3 
12669.931 
13137.009 
Bxsubj.  w/gr. 132 016 
3 
1 
2 
24 
4 
12 
96 
MS 
1989 
1011 
2478 
2771 
.0762 
. 11968 
MS 
2163.958 
247.87 
3122.003 
4783.096 
3167.483 
1094.7 51 
1375.167 
.7128 
.3649 
.8943 
2.0306        16.967*** 
.6367 
F 
.4524 
.0518 
.6527 
2.303 
.7961 
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Analysis of Variance Source Table 
For Experiment 2 - Extinction 
Source 
Bar Pressing Frequency - Square Roots 
SS df MS 
A-Groups 
ss*2 
Subj.  w/gr. 
B-Days 
AB-Interaction 
Bxsubj.  w/gr. 
32.919 
2.0611 
30.858 
95.383 
461.789 
37.770 
158. 799 
24 
18 
144 
10.973 2.761 
2.0611 .519 
15.429 3.883* 
3.974 
76.965 69.778** * 
2.098 1.902* 
1. 103 
Motor Activity 
Source SS df MS F 
A-Groups 2696.433 3 898.811 . 137 
SSfl 267.566 1 267.566 .0407 
SS*2 2428.867 2 1214.434 . 1846 
Subj.   w/gr. 157863.57 24 6577.649 
B-Days 6724.555 6 1120.759 6.184** * 
AB-Interaction 16201.353 18 900.075 4.966** * 
Bxsubj.  w/j zr. 26098.86 144 181. 242 
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Raw Transformed Data 
Experiment   I 
Pretraining Response Latencies - Reciprocal Transformations 
Rats Training Days 
12 3 4 
Experimental 1 .38        .61       .469 .68 
Group 
4 .66 .398    .68 .48 
10 .699     .34      .52 .625 
11 .74       .71        .45 .60 
Control Group           2 .78 .31 .60 .78 
3 .66 .64 .66 .68 
5 .48 .47 .44 .64 
7 .47 .44 . 52 .43 
8 .71 .76 .78 .75 
9 .68 .58 .64 .66 
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Raw Transformed Data 
Experiment I 
Pretraining Errors - Logarithm Transformations 
Rats 
Experimental 
Group 
Control Group 
1 
4 
10 
11 
2 
3 
5 
7 
8 
Training Days 
1 2 3 
1. 52 
1. 72 
1.83 
1.76 
1.89 
1. 26 
1.74 
1.68 
1. 30 
1.93 
1.28       1.43 1.04 
1.72        1.53        1.72 
1.63        1.08        1.60 
1.38        1.40        1.51 
1.81        1.38        1.83 
1.38        1.04        1.40 
1.69        1.67        1.62 
1.67        1.64        1.43 
1.08        1.72        1.26 
1.61        1.64       1.64 
HI 
Raw Transformed Data 
Experiment I 
Pretraining Criterion Speed - Reciprocal Transformation 
Experimental 
Group 
Rats 
1 
4 
10 
11 
Training Days 
1      2      3 
. 1 
. 10 
11 
. 11 
.11    .12    .14 
05 
.06 
10 
09 
. 11 
. 12 
.07 
. 14 
. 11 
Control Group 2 
3 
5 
7 
8 
9 
11 
10 
06 
09 
.07 . 13 12 
.09  .105   .11 
08   .098   .108 
.08   .096   .09 
.097  .106   . 12 
096  . 096  .14   .13 
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Raw Transformed Data for Acquisition 
Experiment I 
Response Latency - Logarithms  Transformation 
Rats Training Days 
1 2 3 4 3 
Experimental 
Group 
Control Group 
1 
4 
10 
11 
2 
3 
.45 . 52 .39      .39 38 
46 . 28 
48 
. 51 
58 
41 
.48 
42 
.35 
. 40 
31       .31       .26 
49       .48      .44 
36       .35      .28 
.39       .26 26 
.35       .27       .40 
5 
7 
8 
9 
43 .29 .45       .34       .39 
52 .48 .45       .42       .41 
42 .43 .42 43       .44 
37 .40 .41       .39        .46 
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Raw Transformed Data for Acquisition 
Experiment I 
Errors - Square Roots 
Rats Training Days 
12 3 4 
Experimental 
Group 
1 
4 
10 
11 
6.93     12.37     6.63     4.69       5.2 
8.19       5.83     6.24     4.90       6.0 
9.54      8.49     7.48     7.28       7.0 
3.46       4.36     4.90     4.80        6.71 
Control Group 2 
3 
5 
7 
8 
9 
11.53     8.19     8.25    11.22 
5.92     6.48     5.39       4.69     4.9 
8.60     5.10     4.47        2.24 
11.05     9.33     6.93        8.06     9.43 
7.48 
9.27     6.71     4.47       4.69     5.10 
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Raw Transformed Data for Acquisition 
Experiment I 
Criterion Speed - Reciprocal Transformation 
Rats Training Days 
1 2            3           4 5 
Experimental                       1 .08 .08 .11 .11 .12 
Group 
4 .08 .12.1 . 12 . 098 
10 .07 .106 .099 .107 .12 
11 .097 .12 .12 .11 .12 
Control Group                    2 .098 .14 .097 .095 .136 
3 .09 .09 .098 .12 .10 
5 .14 .16 .12        .12 .14 
7 .08 .105 .105 .105 .105 
8 .1 . 12 . 11         .11 .11 
9 .1 .12 .106       .12 .12 
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Raw Transformed Data for Extinction 
Experiment I 
Response Latency - Log Transformati ion 
Rats Training Days 
12 3 4             5 
Experimental                       1                    l.H        u66 l   97 j    ,2 223 
Group 
1.45       1.45 1.73 2.06 2.70 
1.17         1.33 1.72 1.68 2.36 
1.16        1.78 1.84 2.04 2.30 
4 
10 
11 
Control Group                     2 1.29 2.04 2.52 2.04 2.37 
3 1.37 1.92 2.14 2.42 3.02 
5 1.58 1.79 1.98 1.92 2.37 
7 1.08 1.94 2.22 2.15 1.90 
8 1.40 2.20 1.69 1.78 2.45 
9 1.34 1.81 2.96 2.53 2.05 
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Raw Transformed Data for Extinction 
Experiment I 
Errors - Log Transformation 
Rats Training Days 
12 3 4 
Experimental 
Group 
1 
4 
10 
11 
1.97     1.32    1.41    1.54    1.11 
.85       1.0     1.04    1. 18     0 
1.86     1.38      1.15     .60    1.04 
1.89     1.0       1.52     .95     .70 
Control Group 2 
3 
5 
7 
8 
9 
1.79      .95      .90     1.51    .90 
1.60     1. 11     .70        . 30    . 30 
1.26     1.63     .30       1.0 95 
1.77       1.0      .90        .30    1.04 
1.72      .85     1.26      .95      .85 
1. 67     1.11       .90       1.0    1. 15 
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Raw Transformed Data for Extinction 
Experiment I 
Bar Press Frequency - Square Root Transformation 
Rats Training Days 
12            3 4 5 
Experimental                       i 6. 78        4 3.16 5.20 2.24 
Group 
4 6.63        5 3.87 2.83 1.73 
10 6.86     4.9 4.24 2.83 2 
11 7.75      3 3.61 2.83 2.24 
Control Group                     2 6.71     3.46          2 3. 16 2.24 
3                       6          3.46 3.16 2 1 
5 5.74        4 3.46 3 2.24 
7 7.55     3.46 2.65 2.45 2.45 
8 6.32     2.65 3.16 2.65 2 
9 7.35     3.16     1.41 1.41 2.45 
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Raw Transformed Data for Extinction 
Experiment I 
Proportion of Correct Bar Presses - Raw Untransformcd Data 
Rats Training Days 
1 2               3            4          5 
Experimental                       1                  .6034 .75          .59 .754     .571 
Group 
4 .966 .914       .849 .666        1 
10 .719 .8           .840 .903     .545 
11 .754 .78         .619 .777     .8 
Control Group                     2                   .746 .846        .632 .537     .632 
3                   .782 .786      .888 .923       0 
5 .883 . 588      .784 .781     .666 
7 .794 .830       .774 .952      .666 
8 .75 .8            .679 .706      .666 
9 .822 .75          .364 .308     .606 
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Raw Transformed Data for Extinction 
Experiment I 
Number of Correct Bar Presses - Untransformed 
Rats Training Days 
12            3 4 5 
Experimental        1        140  60   36 104 16 
Group 
4 172  96   56 28 8 
10 184  92   68 28 12 
11 236   32   52 28 16 
Control Group       2        176  44   12 36 12 
3        140   44   32 12 0 
5 128   60   40 32 16 
7 223   44   24 20 20 
8 156   24   36 24 12 
9 212   36   4 4 20 
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APPENDIX C 
Raw Transformed Data for Experiment 2 
121 
Raw Transformed Data for Experiment 2 
Pretraining FR-1 - Criterion Speed 
Rats Training Days 
12 3 4 5 
Medial 21 2.6     3.2     2.9       3.4     3.6 
Raphe Les. 
25 2.6      3.1     3.8        4.2     3.6 
Dorsal 6 
Raphe Les. 12 
14 
15 
16 
17 
22 
24 
26 
28 
30 
MR + DR 2 
Raphe Les. 11 
19 
10 
Control Group 1 
7 
8 
9 
13 
18 
29 
31 
32 
33 
34 
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2. 5 2.6 2.8 2.0 3. 1 
1.6 2.8 3.1 2.6 2.7 
2.2 2.6 2.3 3.0 2.4 
2. 3 2. 5 2.6 2.9 3.2 
1. 5 2. 5 1.6 2. 5 2.5 
2.6 2.6 2.9 3.5 3.4 
2.2 2. 3 3. 5 2.9 2.2 
3.5 3.7 5. 5 4. 1 3.8 
2.6 3.7 3.3 4.2 3.9 
2.4 2.3 3.9 2.8 3. 1 
2.3 2.2 2.7 3.2 2.3 
2. 6 4. 1 3. 1 3.9 3.0 
2.8 3.7 3.4 4. 4 3. 1 
3.4 3.4 4.6 3.8 3.9 
1.9 1.7 2.7 2.9 3.9 
1. 3 2.4 1.7 2. 1 2. 5 
2.2 3.0 3.3 2.9 3.6 
2. 2 3.2 2.9 2.8 3.9 
2. 3 3.9 3.2 3.7 4.8 
2.7 3.9 3.3 3.4 4.9 
2. 1 2.8 2.4 3.2 2.9 
2. 1 2. 6 3.7 2.9 3.2 
1.4 2. 1 1.8 2.5 2.6 
2.3 2.8 2.9 2.3 2.9 
2.3 3.0 2.5 2.8 3.4 
2.6 2.3 2.6 2.6 3. 1 
Raw Transformed Data for Experiment 2 
Pretraining- Motor Activity 
Rats Training Days 
12 3 4 
Medial 21 333     260      255     255       276 
Raphc Lea. 
25 314     191      203     246       274 
Dorsal 6 220 91 93 70 177 
Raphe Lea. 12 286 261 145 289 292 
14 209 217 222 276 276 
15 219 140 94 158 203 
16 257 143 98 103 197 
17 216 86 156 151 150 
22 257 75 28 45 136 
24 295 114 149 161 267 
26 208 138 141 241 232 
28 297 165 151 245 191 
30 338 179 240 283 203 
MR + DR 2 235 171 178 233 144 
Raphe Les. 11 306 274 257 301 297 
19 276 202 206 249 226 
10 257 116 187 243 223 
Control Group 1 287 204 177 201 214 
7 275 187 184 242 243 
8 190 252 190 252 242 
9 209 135 188 202 265 
13 293 236 222 316 272 
18 267 145 171 257 214 
29 273 179 247 220 251 
31 296 151 131 63 153 
32 221 176 162 141 149 
33 317 225 210 200 235 
34 277 67 191 238 229 
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Raw Transformed Data for Experiment 2 
Acquisition FR-4   -   Criterion Speed 
Rats Training Days 
12 3 4 
21        1.447      1.972     2.283      2.128 
5 
2.016 
Medial 
Ralph Lies. 25 1. 595 1.883 2.020 2.222 2.865 
Dorsal 6 1.395 2.32 1.992 2. 128 2.77 
Ralph Les. 12 1.681 2.463 2.747 2.212 2.849 
14 1.477 1.67 2.088 2.024 1.961 
15 1.427 1. 563 1.859 2.088 2.558 
16 1. 103 1.724 2.364 2.283 2.294 
17 1.608 1. 675 2.703 2.439 2.32 
22 1.441 1. 582 1.898 1.835 4. 115 
24 1. 585 2.42 1.976 2. 165 2.747 
26 1.828 2.625 3.333 3.472 2.268 
28 2.033 1.832 2.247 1.842 1.949 
30 1.290 1.828 2.058 2.020 2. 132 
MR + DR 2 1.707 2.049 2.433 2.247 2.02 
Ralph L.e8. 11 1.418 2.02 2.119 2.597 2. 151 
19 .950 1.58 1.739 1.931 2.096 
10 1.023 1.865 2.096 2. 551 2.37 
Control Group 1 1.366 1. 582 1.672 1.587 2.187 
7 2.053 2. 11 2.217 2.092 2.079 
8 1.504 1.923 1.825 2.179 1.876 
9 .614 1.795 2. 101 2.353 3.247 
13 1.637 1.923 1.931 1.976 1.957 
18 1. 152 1.949 1.546 1.976 1.745 
29 1.497 1. 546 2.5 2. 132 2.16 
31 1.379 1.923 2. 137 1.852 2.128 
32 2.028 2.463 2.457 2.778 2.439 
33 1.524 1.605 1.764 1.805 1.938 
34 1.248 1.742 1.675 1.845 1.799 
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Raw Transformed Data for Experiment 2 
Motor Activity After Acquisition 
Rats Training Days 
1 2            3            4            5 
Medial                                    21                  272 226      295      262      235 
Ralph Les. 
25                  329 260      287      290       287 
Dorsal 
Ralph Les. 
MR + DR 
Ralph Lie8. 
Control Group 
6 206 315 306 328 318 
12 178 298 310 287 315 
14 295 296 233 341 299 
15 210 154 247 291 301 
16 301 278 280 301 280 
17 142 207 165 254 240 
22 221 224 212 225 240 
24 293 238 290 238 287 
26 277 308 308 213 196 
28 254 280 201 228 219 
30 200 225 221 275 243 
2 212 288 248 298 244 
11 290 311 312 286 314 
19 156 148 254 264 272 
10 263 278 292 304 285 
1 287 324 323 328 252 
7 168 273 262 312 233 
8 152 151 293 221 263 
9 291 230 266 272 298 
13 279 281 307 296 312 
18 285 223 234 325 303 
29 265 211 213 235 244 
31 311 307 275 270 259 
32 268 241 276 270 303 
33. 210 258 280 248 270 
34 144 174 263 234 251 
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Raw Transformed Data for Experiment 2 
Extinction - Bar Pressing Frequency - 
Square Root Transformation 
Rats Training Days 
12 3 4 5 6 7 
Medial 21 9.460   8.216   6.819    5.244   7.106   5.339   3.937 
Ralph Les. 
25       10.368   9.566   7.906   3.937   6.671    2.916   3.391 
Dorsal 6 8.916 6.364 4.062 5.874 3.674 4.183 1.871 
Ralph Les. 12 11. 113 7.45 5.958 5.431 5.05 5.339 4.528 
14 7.969 7.649 7.517 4.743 2.739 4.95 4. 183 
15 8.746 8.456 4.848 5.613 4.95 4.848 2.739 
16 11. 554 8.277 6. 124 5.339 6.964 5.05 4.95 
17 7.517 5.701 5.244 2.916 2.550 3.391 1.581 
22 9.301 7.176 6.042 5.874 4.301 3.391 3.937 
24 7. 106 6.519 4.743 2. 121 1.581 3.24 1 .581 
26 8.573 6.745 7.842 3.937 2.121 3.808 2.739 
28 9.192 6.892 6.892 3.808 3.24 4.183 3.536 
30 10.32 6.745 8.573 6.519 4.183 3.24 3.937 
MR + DR 2 10.025 8. 155 5.523 4.743 3.536 6.819 2.739 
Ralph Les. 11 9.975 7. 176 5.148 3.536 2. 121 2. 55 3.082 
19 8.972 5.431 4.95 6.285 4.848 4.95 2.916 
10 8.396 5.244 7.517 4.848 2. J2I 4.416 3.082 
Control                1 10.886 7.778 7.176 5.874 3.391 3.674 2.55 
Group                  7 8.277 6.442 5.613 6.671 2.55 6.285 5.148 
8 9.823 6.964 6.124 4.848 2.739 4.743 3.536 
9 10.607 8.093 3.082 4.301 4.062 4.301 3.082 
13 8.456 7.106 6.671 5.613 4.183 6.442 4.416 
18 8.155 5.148 4.528 5.339 5.339 4.301 2.739 
29 9.772 5.05 2.739 2.739 5.701 3.24 2.345 
31 9.083 6.964 4.637 3.808 3.24 3.082 3.536 
32 8.86 6.042 4.528 3.082 4.062 2.345 3.536 
33 9.028 5.148 4.743 2.121 2.739 2.121 2.550 
34 8.155 5.788 5.874 4.637 3.674 .707 3.391 
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Raw Transformed Data for Experiment 2 
Motor Activity Taken After Extinction 
Rats Training Days 
Medial 21 282 297 24 5 283 283 300 243 
Ralph Lcs. 
25 321 266 237 336 325 306 322 
Dorsal 6 291 319 324 285 286 300 279 
Ralph Les. 12 300 274 325 290 223 273 273 
14 283 250 234 256 302 241 246 
15 280 266 248 291 263 318 286 
16 347 271 291 294 271 340 286 
17 236 285 301 291 300 278 286 
22 273 281 209 301 283 303 217 
24 262 242 312 255 211 256 264 
26 281 252 226 307 302 322 296 
28 296 276 243 261 240 279 257 
30 262 228 293 333 280 355 303 
MR + DR 2 354 288 28 5 265 301 285 329 
Ralph Les. 11 295 291 289 295 267 268 319 
19 212 263 218 322 238 266 244 
10 283 271 343 260 286 258 330 
Control 1 282 305 299 316 318 302 286 
Group 7 281 277 222 298 289 184 273 
8 317 260 287 230 259 180 237 
9 242 279 287 255 254 217 219 
13 323 268 287 323 326 317 287 
18 297 293 294 306 254 330 287 
29 245 241 256 288 285 253 227 
31 253 298 267 282 251 290 239 
32 276 319 217 293 325 345 313 
33 288 280 251 293 301 306 253 
34 335 275 305 288 263 246 305 
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APPENDIX   D 
Means for Experiment 1 & 2 
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Means - Experiment 1 
Days 12 3 4 
raining: 
speed DRL .62 . 515 . 53 .596 .565 
Contr. .63 .53 .607 .657 .606 
errors DRL 1.71 1.5 1.36 1.47 1.51 
Contr. 1.63 1.54 1 . 52 1. 53 1. 555 
total DRL . 105 .08 . 11 .115 . 103 
time Contr. .093 .086 . 113 . 113 . 101 
Acquisition: 
latency DRL .475 .425 .388 .38 .34 . 402 
Contr. .455 .392 .412 .352 .39 .  400 
errors DRL 7.03 7.76 6.31 5.42 6.23 6. 55 
Contr. 8.73 6.64 5.25 6.4 6.07 6.618 
total DRL .082 . 106 . 107 . 112 . 115 . 104 
time Contr. . 101 . 123 . 106 . 112 .119 . 112 
Extinction: 
latency     DRL        1.22 1.55 1.815 1.725  2.398 1.742 
Contr.   1.34 1.95 2.252 2.14    2.36 2.008 
errors      DRL      1.643 1.175 1.28 1.068     .713 1.176 
Contr.   1.635 1.108 .827 .843       .865 1.056 
bar press DRL     7.005 4.225 3.72 3.423    2.053 4.085 
frequency Contr.    6.61 3.365 2.64 2.445     2.06 3.424 
Proport of DRL .7606 .811 .725 .775 .729 
correct Coutr. .796 .766 . 687 .701 .539 
bar pre- 
sses 
Correct BP -   DRL       183 
frequency Contr.   172. 5 
untransf. 
70 
42 
129 
53 
24.67 
47 
21.3 
13 
13.33 
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Ronda Rolon was born on November 7,   1952 in a military 
hospital in Sumter,  South Carolina.    She was born to Gerlindc 
Anna Rolon,  a Naturalized U. S.  citizen who was first a German, 
and Luis Leon Rolon.    Luis Rolon is Puerto Rican, and spent 
twenty-three years of his life in the Air Force.    As a result of 
this, Ronda has lived in many places including Japan, and Ger- 
many, and many states in the U. S.    She has attended at least 
ten schools before she graduated from high school. 
Most of Ronda's elementary education took place at Sheppard 
Air Force Base Elementary School in Witchita Falls,   Texas. 
She attended high school at Dover Air Force Base High School in 
Delaware during grade 9,  and Bourne High School in Massachu- 
setts during grade 10.    She went to Caesar Rodney High School 
(during eleventh and twelth grade) in Camden,   Delaware,  where 
she graduated in 1970. 
Ronda attended college at Delaware State College for three 
semesters, and majored in Psychology.    Then she took a vaca- 
tion and went out west.   After returning from California,  she 
attended the University of Delaware for one year, and then trans- 
ferred back to Delaware State College due to the very poor health 
of her mother. J-JJ 
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B. S. degree, which she received from Delaware State 
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